Background: With the advances in modern radiotherapy (RT), many patients with head and neck cancer (HNC) can be effectively cured, and their health-related quality of life (HR-QoL) has become an important issue. In this study, we evaluated the prognosticators of HR-QoL in a large cohort of HNC patients, with a focus on the result from technological advances in RT. Methods: A cross-sectional investigation was conducted to assess the HR-QoL of 640 HNC patients with cancerfree survival of more than 2 years. Among them, 371 patients were treated by two-dimensional RT (2DRT), 127 by three-dimensional conformal RT (3DCRT), and 142 by intensity-modulated RT (IMRT). The EORTC QLQ-C30 questionnaire and QLQ-H&N35 module were used. A general linear model multivariate analysis of variance was used to analyze the prognosticators of HR-QoL.
Background
Health-related quality of life (HR-QoL) and its assessment have become increasingly important in health care, especially in the field of chronic diseases. Conventionally, the endpoints of medical care for cancer patients usually focused on the so-called survival rate, local control rate, or complication rate. These endpoints were usually assessed from the physician's points of view. These assessments lacked knowledge and understanding of the patients' mental and emotional well being. HR-QoL generally refers to the patient's perception of the effects of the disease and the impact on the patient's daily functioning, and has two fundamental premises. First, it is a multi-dimensional survey incorporating physical, psychological, social, and emotional functional domains. Second, it is subjective and must be self-reporting, according to the patient's own experiences [1] .
Determining how to measure and quantify the subjective experience of HR-QoL has been a challenging issue. There are now a variety of well-validated HR-QoL instruments available for use in the field of oncology. Three types of methods have been categorized. They include the generic type, e.g. the Short Form-36 (SF-36), the cancer specific type, e.g. the Functional Assessment of Cancer Treatment (FACT-G), the European Organization of Research and Treatment of Cancer Quality of Life Core Questionnaire, version 3.0 (EORTC QLQ-C30), and the cancer site-specific type, e.g. the head and neck modules in EORTC (EORTC QLQ-HN35), and FACT (FACT-HN) [2] [3] [4] [5] [6] .
Perhaps in no other group of cancer patients does HR-QoL present as important a role as in HNC patients. This is because they may have obviously debilitating problems with swallowing, speech, and hearing, as well as the psychological effects of loss of function and change in body image [7] . Radiotherapy is one of the most important treatment modalities for HNC patients, either in a definite way or a combination with surgery and/or chemotherapy (C/T). Over the past decade, the advances of RT techniques for treating HNC have emerged from so-called two-dimensional RT (2DRT) to the three-dimensional conformal RT (3DCRT) and intensity-modulated RT (IMRT). 2DRT has proven effective in the treatment of HNC. However, complications associated with irradiation of sensitive normal structures, such as the salivary glands in the path of the irradiation, are still remarkable and often lifelong. The reliance of 3DCRT and IMRT on computed tomography-guided 3D planning allows better delineation of tumor target and organs at risk with clearer radiological visualization of their spatial relations, thus providing a potentially therapeutic benefit of dose escalation to tumor tissue with reduced toxicity to normal tissues [8] .
IMRT represents an advanced form of 3DCRT. It employs inverse planning algorithms and iterative computer-driven optimization to generate treatment fields with varying beam intensity. Combinations of intensitymodulated fields produce custom-tailored conformal dose distributions around the tumor, with steep dose gradients at the transition to adjacent normal tissues. Growing reports have shown that the technical and dosimetric superiority of 3DCRT and IMRT over 2DRT can translate into clinical benefits, such as reduced normal tissue toxicity (e.g., parotid gland sparing), improved local control, or even patient survival [9] [10] [11] [12] [13] [14] .
Radical RT for treating HNC was routinely delivered by 2DRT in our hospital before the introduction of 3DCRT in April 1996. From April 1996 to March 2002, 3DCRT was gradually used to replace 2DRT. After becoming familiar with the techniques of 3DCRT and implementation of the IMRT system by March 2002, the physicians and physicists in our institute began to use the two techniques in treating HNC. In a previous publication, we have reported that HNC survivors had significantly poorer HR-QoL outcomes compared with Taiwanese norms [15, 16] . In this study, we further compared the HR-QoL results assessed by the EORTC QLQ-C30 and QLQ-H&N35 modules for HNC survivors who, as a result of technological advances in RT at our institute, were treated with 2DRT, 3DCRT, or IMRT in different time periods.
Methods

Study population
This study is a cross sectional investigation, analyzing HR-QoL data of HNC patients who were cancer free when their HR-QoL was assessed during the period from January 2005 to December 2008. Eligibility criteria of patients included 1) pathologically proven HNC at nasopharynx, oral cavity, oropharynx, hypopharynx, or larynx, 2) receiving RT and regular follow-up at the department of radiation oncology at Chang Gung Memorial Hospital -Kaohsiung Medical Center, 3) cancer free survival more than two years after RT, and 4) completion of the self-reported questionnaire. Six hundred and forty HNC patients, treated with definite or postoperative RT, were collected and informed consent was obtained from all of them. They included 371 patients treated by 2DRT and 269 patients by conformal RT (3DCRT: 127 patients, IMRT: 142 patients). Concerning the existence of selection bias, we compared the distributions of sociodemographic characteristics (including age, gender, marital status, and education level) between HNC survivors in the study and all other surviving HNC patients (n = 221) found in the cancer registry database in the department. No statistically significant differences were found between them (data not shown).
Patient characteristics including sociodemographic variables and cancer-or treatment-related variables are listed in Table 1 . The cancer stages were according to the staging system of the American Joint Committee on Cancer (AJCC 6 th edition) published in 2002. The comorbidity status was recorded according to the Charlson comorbidity index by review of chart and on the basis of self-report [17] . A summary of the primary cancer site included 316 cases (49%) of nasopharyx, 129 (20%) of oral cavity, 75 (12%) of oropharynx, 75 (12%) of hypopharynx, and 45 (7%) of larynx. As regards the sociodemographic information, 86% of them were educated ≦12 years, 53% with an annual family income ≦1.2 million NTD (1USD = 33NTD), 65% not employed, and 19% without a spouse (unmarried or divorced). Four hundred and thirty patients (67%) had AJCC stage III or IV disease and 267 (42%) patients had at least one kind of comorbidity. The major treatment was surgery in 249 (39%) patients and RT alone or plus C/T in 391 (61%) patients. Uneven distribution existed between the 2DRT and 3DCRT/IMRT group. The 3DCRT/IMRT group had a higher distribution in patients with lower annual family income, non-nasopharyngeal cancer site, stage III-IV, surgery, chemotherapy, or shorter survival years. The median (range) follow-up years of patients after treatment when their HR-QoL data were collected were 5.2 (2.8-14.1), 3.9 (2.1-10.3), and 3.1 (2.0-6.5) years in the 2DRT, 3DCRT, and IMRT group, respectively. This study was approved by the appropriate institutional review boards (IRB) of the hospital.
Techniques of RT 2DRT
The detailed portal arrangement and dosing of conventional 2DRT in HNC have been described previously [18, 19] . Briefly, 2DRT was given in two phases, namely before and after 44~46.8 Gy of the spinal cord tolerance dose. In the first phase, patients were irradiated by a 6-MV photon beam with a daily fraction of 1.8 or 2.0 Gy (5~6 fractions per week) via bilateral opposing faciocervical fields and one lower anterior cervical field. For definite RT, the target covers the primary tumor with surrounding anatomic area and regional neck lymphatics. For postoperative cases, the surgical tumor and nodal bed as well as the prophylactic risky nodal area were included. In the second phase, the gross tumor was boosted to 64.8~81 Gy in definite RT and tumor bed to 57.6~64.8 Gy in postoperative cases via bilateral opposing photon beams to shield the spinal cord. Residual neck lymph nodes or risky nodal bed area were simultaneously boosted by a 9-or 12-Mev electron beam to 56~79 Gy, depending on the nodal situation.
3DCRT
The immobilization, treatment targets, and dose/fractionation prescription of 3DCRT in treating HNC in our institute primarily followed the guidelines for 2DRT. The Cadplan (Varian, Milpitas, CA) or Pinnacle 3D treatment planning system (Pinnacle3, Philips, Fitchburg, WI) was used. The technical details of 3DCRT in HNC have been addressed [19, 20] . For each patient, 5 or 7 coplanar portals were usually designed. Shrinkage of the clinical target volume (CTV) volume was usually performed after the tumoricidal dose of 45.0-50.4 Gy was reached for the microscopic lesions. The 90-95% isodose volume to cover the planning target volume (PTV) with the spinal cord strictly limited below the 60% isodose line was applied.
IMRT
The immobilization, target definition and delineation, and dose/fractionation prescription of IMRT for HNSCC treated by combined modality were approximately the same as described above for 3DCRT. We used the Cadplan or Pinnacle treatment planning system to perform the inverse planning and dose optimisation. For each patient, IMRT plans with five or seven coplanar portals were created. The delivery of the plans was performed in Varian machines equipped with dynamic multi-leaf collimators. The dose/fractionation prescription of IMRT primarily followed the guidelines for 3DRT [16, 21] .
Instruments of HR-QoL
The Taiwan Chinese versions of the EORTC QLQ-C30 and QLQ-H&N35 questionnaires were obtained from the Quality of Life Unit, EORTC Data Center in Brussels, Belgium [4, 6, 22] . The EORTC questionnaires were chosen for this research because it is one of the most widely implemented questionnaires, with over 10 years of research invested to develop an integrated, modular approach, as well as utilization of the instrument in international clinical trials, and the Taiwan Chinese version is available and easily completed by our patients [23] . The EORTC QLQ-C30 incorporates a range of HR-QoL issues relevant to a broad range of cancer patients. It has been translated into many languages and validated for many types of cancer, including head-andneck cancer. It contains five functional scales (physical, role, cognitive, emotional and social), three symptom scales (fatigue, pain, and nausea/vomiting), a global QoL scale, and six single-items (dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial difficulties). The QLQ-H&N35 is a module used for assessing the HR-QoL for head-and-neck cancer patients. It incorporates seven multiple-item scales that assess the symptoms of pain, swallowing ability, senses (taste/smell), speech, social eating, social contact, and sexuality. Also included are six single-item scales, which survey the presence of symptomatic problems associated with teeth, mouth-opening, dry mouth (xerostomia), sticky saliva, coughing, and feeling ill. All scales pertaining to the EORTC QLQ-C30 and QLQ-H&N35 range from zero to 100. A high score for a functional or global HR-QoL scale represents a relatively high/healthy level of functioning or global quality of life, whereas a high score for a symptom scale represents the presence of a symptom or problem(s).
Statistic analysis
The mean scores and standard deviations of the HR-QoL scales were calculated according to the EORTC QLQ scoring manual [24] . To analyze the correlations between the factors and the HR-QoL scales, general linear model (GLM) multivariate analysis of variance (MANOVA) was used [25] . The GLM-MANOVA approach is used to test the hypothesis of a significant association between a set of interrelated dependent variables (HR-QoL scales) and independent variables. The independent variables analyzed in the present study consisted of five sociodemographic variables: age (<40 v. GLM-MANOVA was performed for QLQ-C30 and H&N35 separately and in the following two steps. First, to investigate the association of a given factor with HR-QoL scales, a univariate analysis was conducted to establish whether the factor was associated significantly with any of the HR-QoL scales. Wilks' λ was used to test the impact of each variable included in the model. All variables were entered into the multi-factor model. In case of a significant association between a factor and all HR-QoL scales taken together, a second ANOVA was performed to investigate the association between that prognostic factor and each HR-QoL scale separately, with post-hoc testing using the Bonferroni method with a p-value <0.05 from the two-sided test regarded to be statistically significant.
Being the most concerned scales of HR-QoL in the study, the global QoL and xerostomia were further analyzed by multiple linear regression models to explore their associated prognosticators, respectively. All the data processing was performed using the statistic software SPSS for Windows (version 15.0; SPSS Inc., Chicago, IL).
Results
Outcomes of HR-QoL
The mean score for global QoL was 54.6. The value of the five scales of functioning ranged from 75.1 (social functioning) to 86.4 (role functioning). The highest symptom score on QLQ-C30 was for fatigue, followed by financial problems and insomnia. In the H&N35 module, dry mouth, sticky saliva, and tooth problems ranked as the three worst symptoms. (Table 2) Variables associated with HR-QoL outcomes
In the first step of the GLM-MANOVA, the association between the independent variables (five sociodemographic and six clinical variables) and the dependent variables (15 scales of QLQ-C30) was investigated (onefactor model, Table 3 ). This analysis showed that 10 of the 11 variables (except the length of follow-up) (p < 0.05) were associated with the overall outcome on QLQ-C30. The 11 variables were then entered into the multifactor model analysis, which indicated that the variables of gender, annual family income, tumor site, AJCC stage, treatment methods, and RT technique remained significant. The same statistical procedures were repeated for the analysis of the association between the 11 independent variables and the scales of H&N35. In a one-factor model, four of the five sociodemographic variables and four of the six clinical variables (except CCI and the length of follow-up) were significantly (p < 0.05) associated with the overall outcome on H&N35. In the multifactor model, only tumor site and RT technique remained significant ( Table 3) .
The variables specifically associated with global QoL and xerostomia were further analyzed. As demonstrated by linear regression model in Table 4 we observed a significant trend that survivors with CCI ≥ 1 (b = 5.2, p = 0.034), tumor sits at nasopharynx (b=-9.1, p = 0.034), or treated by 2DRT (b=-12.2, p < 0.01) had a higher probability to report a high level of xerostomia. Meanwhile, survivors with family annual income ≧1.2 million NTD (b = 5.2, p < 0.01), CCI = 0 (b=-6.1, p < 0.01), or treated by 3DCRTor IMRT (b = 7.7, p < 0.01) had a higher probability of reporting a better global QoL.
Tumor site and HR-QoL outcome
Significant difference (p < 0.05) of HR-QoL outcome at different tumor sites was observed at 11 of the 15 scales in QLQ-C30 and 10 of the 13 scales in H&N35 (Table  5 ). Compared with nasopharyngeal cancer survivors, three worse scales (social eating, social contact, and opening mouth) were significantly observed on oral cancer survivors, so were six scales (appetite loss, pain, swallowing, speech, social eating, and social contact) on oropharyngeal cancer survivors and eight scales (physical functioning, role functioning, dyspnea, constipation, swallowing, speech, social contact, coughing) on hypopharyneal/laryngeal cancer survivors. Meanwhile, compared with oral cavity survivors, five worse scales (cognitive functioning, fatigue, nausea/vomiting, appetite loss, and pain) were observed in oropharyngeal cancer survivors, and five worse scales (physical functioning, nausea/vomiting, dyspnea, speech, and coughing) in hypopharyneal/laryngeal cancer survivors. On the contrast, better results in opening mouth and dry mouth were observed in hypopharyneal/laryngeal cancer survivors compared with the other survivors.
RT techniques and HR-QoL outcome
Significant difference (p < 0.05) of HR-QoL outcome by different RT techniques was observed at 2 of the 15 scales in QLQ-C30 and 10 of the 13 scales in H&N35 ( Table 6 ). Compared with 2DRT, IMRT had significant better outcome in the scales of global QoL, physical functioning, swallowing, senses (taste/smell), speech, social eating, social contact, teeth, opening mouth, dry mouth, sticky saliva, and feeling ill. Only three scales (teeth, dry mouth, and sticky saliva) with better results were observed in 3DCRT compared with 2DRT. IMRT had better scores in most scales compared with 3DCRT, but without reaching statistically significant difference.
Discussion
The treatment fields of conventional 2DRT for HNC are usually large and anatomic structures situated nearby the tumors, such as the salivary glands, inner ear, oral cavity, and temporomandibular joints, are exposed to almost the same irradiated dose as the treatment target sites. We have previously used the Taiwan Chinese version of SF-36 to investigate the HR-QoL of oral cancer or nasopharyngeal survivors treated by conventional RT, finding that these HNC survivors scored significantly worse in most of the eight functional domains of SF-36 than Taiwanese norms [15, 16] . However, SF-36 is not specific and sensitive enough as a HR-QoL instrument to discriminate the effect differences for head-and neck-related problems between different treatment modalities. In the present study, we used the EORTC QLQ-C30 and H&N35 to assess HR-QoL for HNC patients. The Taiwan Chinese version of the questionnaires has been previously tested in HNC patients by Chie et al. [23] . They found the Cronbach's alpha coefficients of all scales of the two questionnaires were ≧ 0.70, except that for cognitive functioning, and the correlation of scales that measure similar dimensions of the QLQ-C30 and the SF-36 was moderate to high, whereas that of the H&N35 and the QLQ-C30 or the SF-36 was moderate to low. Growing reports have shown that the dosimetric superiority of 3DCRT/IMRT applied in HNC patients can not only preserve salivary functions, but also improve local control, and even patient survival [10] [11] [12] . The current study presented with a large cohort to compare HR-QoL between HNC survivors receiving different RT techniques applied at a single institute during different time periods, adjusting for major sociodemographic and medical variables that affect these measures. Although heterogeneity existed in the comparing groups, the potential bias of patient selection was reduced, and the contributions of the different RT techniques in producing particular HR-QoL outcomes were highlighted. We demonstrated that the use of IMRT significantly improved HR-QoL for HNC survivors as compared with those treated by conventional 2DRT.
Xerostomia related symptoms were usually cited as the most prevalent complications in HNC survivors post RT and patient-reported xerostomia has been found to significantly correlate with mean dose to the parotid glands and the minor salivary glands in the oral cavity [26] . In a matched comparison of 67 pairs of HNC survivors treated by 2DRT versus IMRT, Graff et al. observed the major advantages of IMRT were on oral symptoms, especially salivary dysfunction and oral discomfort [27] . Similarly, a cross sectional survey of 163 HNC survivors by van Rij et al. also revealed that parotid sparing IMRT for HNC patients improved xerostomia related HR-QoL compared to 2DRT both in rest and during meals [28] . With the large cohort of 640 HNC survivors in current study, we confirmed that RT technique is the determining variable affecting xerostomia in HNC survivors and affirmed that modern RT, especially for IMRT, not only reduced the oral related symptoms but also the global QoL.
However, the direct cause-effect relationship between xerostomia and broad aspect of HR-QoL in HNC patients after RT has not been established yet. The improvement of IMRT in HR-QoL might not be only through reducing xerostomia by salivary glands sparing, but also reducing the volume of other non-target organs receiving a high dose. Some reports have shown that radiation-induced dysphagia also plays an important role in HR-QoL domains [28] [29] [30] . Dysphagia is usually multifactorial and strongly associated with xerostomia. It has become increasingly important to identify the anatomical structures that are involved in swallowing problems after RT. A cross-sectional study of 81 patients with oropharyngeal cancer, reported by Levendag et al., showed that the probability of swallowing complaints is significantly associated with the mean total radiation dose in the superior and middle pharyngeal constrictor muscle [29] . Our data confirmed this hypothesis that the use of 3DCRT/IMRT also reduced other head-andneck-related symptom scales to some extent. The interand intra-scale correlations of EORTC QLQ-C30 and QLQ-H&N35 were significantly high in our series [data not shown], which means the symptomatic problems improved by 3DCRT/IMRT are inter-correlative and might converge and reflect to the expression of patients' global QoL. The comparisons between 3DCRT and IMRT were mainly on the dosimetric distribution in the literature, and the information concerning the clinical advantage attributed to the evolution from 3DCRT to IMRT in HNC patients is still limited and controversial. In our previous study exclusively focusing on nasopharyngeal cancer, a significant reduction of 25-30% of the mean dose to the normal structures such as parotid glands and oral cavity was created by IMRT compared with 3DCRT. However, comparing their longitudinal changes of HR-QoL, we did not find a significant difference at most time points except 3 months after RT [31] . Current study echoes this finding that the positive advantage of IMRT over 3DCRT in QoL is ambiguous and marginal in HNC survivors. In contrast, a non-randomized prospective comparison between HNC patients treated by 3DCRT or IMRT demonstrated that IMRT resulted in a significant reduction of patient-and observer-rated xerostomia, as well as other head and neck symptoms, compared with standard 3DCRT [32] . With locally advanced disease treated by aggressive combined modality in most of our subjects, we found that the dosimetric improvement for 3DCRT compared with IMRT might not be sufficiently large to demonstrate any significant difference in HR-QoL. Besides radiation technique, socioeconomic status, comorbidity, and tumor site were also found to be significant prognosticators on HR-QoL outcome. With the relatively heterogeneous nature of HNC patients and experienced treatments including varying tumor stages, sites, and the frequently diverse treatment modalities applied and involved administering institutions, the factors affecting the HR-QoL after treatment for HNC patients usually appear to be somewhat discordant and complicated in the literature. For example, Hammerlid et al. found those HNC survivors with tumor located at larynx, aged below 65 years, or female patients had significantly better HR-QoL than their counterparts three years after treatment [33] and de Graeff et al. reported female sex, higher cancer stage, and combination treatment were found to be associated with more symptomatic problems and worse HR-QoL [34] .
Although being comprehensive and well validated with recognized internal consistency and reliability, EORTC QLQ-C30 and QLQ-H&N35 still have some limitations in the interpretation of HR-QoL of HNC patients, because they do not deal with some specific but common late sequelae, such as deafness, otitis media, symptoms from temporal lobe necrosis, or radiation neuropathy, or hypopituitarism in nasopharyngeal cancer survivors. A tumor site-specific assessment tool of HR-QoL might provide more specific and sensitive information to discriminate site-related differences of HR-QoL in HNC patients with various tumor sites treated by different strategies. Furthermore, without pre-treatment HR-QoL data available in our cohort, potential selection bias might still exist in the cross sectional study, though the confounding variables adjusted by multivariate analysis. A longitudinal study assessing the changes of HR-QoL will be justified to more accurately detect the differences between the groups.
Conclusions
With the advance of modern RT technology, head-andneck related symptoms after RT could be significantly reduced and reflected to the improvement of broad aspects of HR-QoL in HNC survivors. However, there may still be some undetected factors, which are related to global QoL or some specific functional domains, to be explored in future investigation. 
